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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistive effect element exhibiting a significant 
variation of resistance with a small magnetic field and 
a memory element employing it. 

SOLUTION: A semiconductor layer 2 serving as a 
window for exciting light is formed on a substrate 1 
through a buffer layer and the like. A semiconductor 
layer 3 is then formed on the semiconductor layer 2 
followed by formation of a nonmagnetic metal layer (or 
nonmagnetic insulation layer) 4. Subsequently, a 
magnetic layer 5 excellent in the rectangularity of 
magnetizing curve is formed on the nonmagnetic metal 
layer (or nonmagnetic insulation layer) 4 and electrodes 
6, 7 are provided, respectively, on the lower surface of 
substrate 1 and on the magnetic layer 5. The 
semiconductor layer 2 serving as a window is irradiated 
with laser light to cause excitation of spin polarized 
electrons in the semiconductor layer 3 and the fact that 
the scattering of electrons on the interface of magnetic 
layer 5 depends upon the magnetizing direction of 
magnetic layer 5 and the spin polarized state of excited 



electron is utilized. 
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iims#aijjctftLT«w6>nfe«BBiaPi:. wet^iMWP 
ant ^u-*?. 

Ht#9C 3 ] if^M^sWft^jQScJMM:* 2 TOD^ 
#=S 2 tcfE^tf)* =t 'J 

B&WRtt &ftfe1t#3l 1 *» L < it 3 £iBfl60)tt»l&#ig& 
2 % U < 3 lcfE«<Z>* «e U -jrt-. 

e»^s«#«4 tci^^is^^TS&^^xtt^^y - 

Ki'Cu, A g at; A u fb51l£4T,£'>& < i: % 1 or- 
7&&2*tT v %SSM»g 6 {CiB^^Eg^MnSii^-T-Xti 
*=ey-*?. 30 

HU#* 8 ] ^S^ffiifeMlK© 1 0 0 n mJSTFT? 
&5ff #*4 ~ 7 CD^-ftt^{Cl^OS^S*lS2^^- 

xtt^^y-^. 

BbWRW e>tvfclt#« 1 % u < tt 3 tcfB^o^ig^ir 
«*?X»4SWtS 2 % L < It 3 ICfB^O^ =E 'J 

m*mi 1] Ni X Coy Fez &± 40 

)£»tU ®-»&fct#X=0. 6-0. 9, Y = 0~ 

0. 4, Z = 0~0. 3 ©$5H©§t^ffiKT-feSa#* 

1, 3-1 OCDv>-f4%*HCfB®<D?K^gfiTS&^-7-Xli 
If #* 2 - 1 0 GDV ^*X*HCfB®CD;* =E U 

[»*S12] «ttR»tt. Nix' Coy' Fez' 
&£fifc£i:U SCM&ittfX' =0-0. 4, Y' = 
0. 2 — 0. 9 5, Z = 0 — 0. 5CD8SH0&SWC' 
fe-Sif:^ 1. 3 — 1 0 <Z)V 

2 — l 0 cdv ^njWcfB®©* =EV- 
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1 3 1 ffimmmm#$mtm&-tz 2 #© 

[^©fSfflfcM 

[0 0 0 1] 

[»wco*"r*a»»aP3 jk^a-v pms> 

[0 0 0 2] 

ftLT53m!milZl(£&LX^& [Fe/Cr] , [C 
o/Ru] AX*£H&&<3£®3§ (l~10kOe) 

Utfo.- 6 1 H24 7 25 (1988 

m ; H 64 ^23 04^ (1 990) (P 
hysical Review Letter Vo 
1. 61, p 24 7 2, 1 9 8 8; M Vol. 6 
4, p23 04, 1 9 9 0) ) . Zl*l,e>tf>Bltt:*;£& 

■es©jc < Es«3&aw3WSkoei:*s<. nsjuwHtf 

tU e^tW^&LTV^V^8^jODM^S^tt^N 
i-Fei:Co5:fflV^ [Ni-Fe/Cu/Co] A 

#o . 5 k o e ^mu&mMitmtm 8 %©%<z>*we. 

J- Or? S?-V^V > 5 9^3 0 6 1H (19 9 
0*#) (Journal of Physicals 
ociety of Japan Vol. 59, p 
3 0 6 1, 1 990) ) . L#»U 3©S^T't), H 

%±&&tf+-&T'\t& < , s e> iojn$ ^msom^T- £ y 

SffiffiSftK^ Fe-MnBi-Fe/Cu/Ni- 
F e \Z^tttz7.\Zy/V\s^<D^V>imMZtVZ^& 
(W—j-ji, is~7 vW^XA T>F 
f-f-yi? 7fV7;i/X 9 3 f 10 IS (19 9 
1^) (Journal of Magnetism 
and Magnetic Materials 9 
3, p 1 0 1, 19 9 1)). L>U Z0>m&lZ& 
Tm&ttMV&ft 2 - 4 % £/Jn£ < i: v \ e> ffiB&tf 

[0003] ^ ti «b (DAxMr^Hmmmmm z 
fl§v^^^y-^*^ssnTvx5. -eoioii^ 

*(Z)^S2®ia)?»[4M&fflVNfc=bCDT'fey (S^^ 

L415— 417 1995 (Japanese 
Journal of Applied Physic 
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s, L4 1 5-4 1 7 1 9 9 5) ) , %e> 1 0&± 
fga>X\syAfl,7EiZm^t-%<DT'&Z> (1 9 9 5 9 
-Y^'x^h *7 9 5 AP-0 3 

1 9 9 5 (Digest of Intermag' 
9 5 AP-0 3 1 9 9 5) ) „ Z.tl<=>(D*^:V -M 

[00 04] 

[0 0 0 5] #$gWi, S63t^lC^^SfffIS^SS:^ 
[0 0 0 6] 

jBLfc^T'&S,, 30 

[0 0 0 7] Sfc, SjgB*|§W<3Wa^^TSfc^?«)fil 
jSfCfeWttt. ^#SP*^^&©JI&£2iSIS©¥ 
^fcfr'b&S©*)^^. iuiE#5§fE©*8l&g 
^^^^-©Wc^t^ ©HSMt^ftffl^© 

fc. 3©*t£Ktt, iW^K^Cu, Ag&t>*Au 

e>3§Ji*v54>fc < i: =fo l ©##* L v \ * 

fe, i©*£tci±, #8H4^BI#2®g©#l»f£&® 

BSrf>Mbfc£©7!>W*bV\, ZO^-fCttS^lC 2«g| 
©#ft&i££J§BI© e> *.^i*Sl5tC^-r £{HI©BI#C s T? 40 

jtaasn. «ttuiawc«rt-««©Bt#<c u. ' a g&tf a 
u^e>3li£rv54>&< i oT-7£j=££;ftTv<».5©*>W 
£bv>. £©#££!*, #B8fx^BI©BI£tf 1 
0 0 nmJ^TT*&S©2>W* bv*. 

[0008] m5Mm<Dm&&mi$mfr<»m 

RaW*e>ftTV**©##*l/V*. 3©*§£C 
tt, #K3H*l^l^^fls8lJi:ISiKCDi^a«l5i«:«1-S 
©aW£Lv\, 

[0 0 0 9] |(JlB*|g^O«^^B&^-7^)«l 50 
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dBCfcVxTtt. aaSBKWi. Ni X Co Y Fez 
&£U m?W&S£tfX=0. 6-0. 9. Y = 0~ . 

o. 4, z=o~o. 3(Dim<Dmmmv^(Dtm 

[0 0 10] StffB*56^©^^T^«^-f ©« 

fiWCfeV^TJ*. «H£R»t^ Ni X ' Coy' Fe Z ' & 
irtBfrfcU JS^HBffcfcttfx' =0-0. 4, Y' = 
0. 2~0. 9 5, Z = 0 — 0. 5©$gH©3£8£fflKT' 
fc5©rtW£U>. 

[0 0 11] ifcSWilCflte^y--*?**. 

#+•&**©"£**. £©«fc^K, WWC^t'J-rjlf 
flt^#ffiUiaHH*i:, - ©«HSIKffl5©i5£K«MaiK 

[0012] m&iffl<D**v-3&<Dmmz 
tt^UK*^et-te>*iTv>s©AW*bv>„ ^©n 

-^icte, IfqfflS&JMKtfCu. Ag£XMufre>5itf*x 
5'>^j: < i: % 1 ot'fe5©AW* Lv ^. ::©#£• 

k«. 2 itm(Dim&&mm>-> «b & * © 

*WSU\ 3©^fC{*se,tC 2«H©iNM££ll 

ttBrawcss-r*«©R#c u. a g&of a u *»e>»*n 
s^?fc<t : foioT?^fi8;snTv^s©*w*bv\ * 
fe, z:©#£ricwu ms^Wli©IMWi oonmjy 

[0013] taiB*«w©^ i Ey-*?©fltewc 
fev%Tii, ?asi^fc^^^©raic#NaK4»fsiig^ 

ttH-6*iTV^*©iWaF*Uvs ^©^-tcii, # 

js?saissi^^^si5t^©iS^et*^i-s©*w 
[0014] ttz. m&mio* * u -m^ymmz 

fiV^Ttt. ?»ffiKaJti> Ni X Coy Fez 

U MW£tbb^X=0. 6-0. 9, Y = 0~0. 

4, Z = 0~0. 3©«H©3«8KfflBn?**©*%*L 

[0 0 15] ££u lui2*^©^^U-^-f©^{C 
33V>TfiU ?aa4JSSPti, Ni X ' Coy' Fez' 
»ilU M-fTSfiEJt^^X' =0-0. 4, Y' =0. 2 
— 0. 9 5, Z = 0— 0. 5©|&H©5£$iffl&T'&5© 
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[0016] atz. mE&mm<»**v-Mttffi&iz 

[00 17] 

tt&iftasaw&ttffiic iox^ tf >«ai u fcs-y-® 
is&M*?ft*#<j*fcs. tot, ajgstifc*^^. 

^>&Tv^Wttb^^>«fl»^LTj3ftli. swp 20 

icen&ns tifctftfcrr^gfcjwc «fc o tffllfflffit«i 

[0018] tufE*l§^cD^Mn^^^# 

[0 0 19] tffgB*9§^<C<S^^^^)^ 

y, Sffitct^^WiSUiWfefts. *fe. z: 
M£ftjut#cu. AgxifAu^&atin 

iOS^S&K, 2@^« 

ffc^n, $H£i88Picgrf&ffld©i£#cu, Ag^Au 

0 0 nmJETFT'fcS£:^-i>#£ UW^Jtc 50 
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[0 0 2 0] |fflB*^©^^T^m^©«l 
y, ^ST-CDfl^^KJiiSWWbtvSo 3 

[0 0 2 1] ttriB*lfiW©5Bi^*ia&^f^>^ 

fi&C33<rVt, Nix Coy Fez 

fcU IMflf&ittfX^. 6-0. 9, Y = 0~0. 

4, Z = 0 — 0. z<DmoMwm^x^ii^^ 

[0 0 2 2] tulB*|g^<7)eS^STS&m^^«l 
fiWcfc^T. «tttt»tt. Ni X ' Coy' Fez' ^ 

ti&nu smB^aafix' = o~o. 4, y =o. 

2~0. 9 5, Z = 0~0. 50>SSB<Z)3£8£ffl^T'fc5 

[0023] wm&ftmoit^v-mttiM&iz 
miam&zftisxmibtit=.ma^mmim®£ & 

^»xTv^5z:i:^c<^:y, wro>ii^t£ftm*$k-$-z>z-h 

mmzx^xTv^m 
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[0 0 2 4] KflE^^O^^EU-^-^^fC 

£&y, ttflB2;fc©lg{^£^£«^C£oT£D£ 

VJj\filzm&2tl>X^&t^?ft£^^WlZ&tl\i. # 
tT y h © ;* ^ 'J ftS. 
[0 0 2 5] 

[HS£M] USSM^^^T^^SrS^tc^W 10 

ms&m^m-m^mmmx'&^o muz^-r^^iz. m 

t^imwm2imn^tix^o ^m»m2<D±iz\t 
tm#.m3tfmvt>nT&v. *m#.m3&±izmm 
&&mm (&^mm^mmm) 4#fgwe>*iTvx 
So itmt&mm (&^mmmmm 4©±tc 

5©±Kiim^7#i2tte>*xT^<5. u— v-ytis&m 20 
¥##r 2 y . d©5g«¥3S#R 2 ©jtwstf <bn 

;M^#R3lC{RISte*v5o ZltllCty, ^9WR3A 
R5$ltCgStte>;ft£:@*S6, 7lcmif&PP*D-rS^> Z. 

R 5 Kfafro TSi&fts i&ffiJK 5 4:®irarr?W»Sfl9»SLS: 
d^i:^ 8^R5<D^b#y8lci:oTxi^ 

5 KLfOft &*ifc«ffi 6, 7 |HraB£8SSt^btf£ &*© 

T% «W3Wb£tfcfcr*-*£4:#"CSS. f& 

Tli, #B»i£&JRR (*&v*aaB8aSJfi*R) 4»4K» 

5 3 £ iZ «fc o T*?-S:tM^S-ttS 3 i: #T'£ S. 
[002 6] El 2 1£*3&WC'0&5 ^ =E U -^©-USS 40 

iwsr^-nwswiiSHT?**. Ei2^-r<te>{c, ®H4R 
s<Dmnz& ^Mm®$*ft^xmm&m<»&& 
m&tm.tt i ±>M.x^&. fni, ffi©^ii±fabfc®^ 

®s 6 a^s® 7 iz^im\z & o TflBBB&wa 

■&xmM5Z&Zl5t(iHzmt?Z>. itl»CJ:y, SStt 50 
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R 5 Kfi8S#I2&S*i5. ®H4R 5 O^bfti^O^lHS 

ti#*^snfe?»SR5®«Kb*^cfe# 

[0 0 2 7] #lfy h©*^U-s^&4PtJ*-f£#£fC 
tt, H3Kj5V*\J:"5IC. G&KR5) 5:7h'J 

«y^^{CffiSU W#fa^fflCD2g««8, 8'- 

i£8, 8' &S^*««BCJ:oT^tJ6-&l«SB»W)*fiI 
fc, ^[4R5©?aHb^afSr^^i:i$«raii*^cl^-r 
5. 3R7fi8«:ite»t*tCI4, B „ H C* 

MO . o mm) *$<D4*>z&A-t&z£mz£-3X 
m*fflizMmizmvx%£^u < u>f, xy*-> 

[0 0 2 8] 3fl^K*oT*fcr:/««Lfc«?-«:»£ 
(+1/2) «JBK:«sSflW8i:^>^t:> H/2) 

smiztezmmomgiizj: y ^. e^^ufem^*^^ 

P/N*> KJCtt4*tC*BaUfcP3/2 2StCjSilUfeP 
1/2 aW&y, {SftbfcU-if-3fc£J$fff SifcKlio 

*^e>lC«?W, J:»J***HBfiWS:*"t&*'?S:3WB 

[0029] immt Lxa, mm&tf&itt&tv** 

<, iHei#T-^{C?KfbjKe-t-5Nix Coy Fez 
i^i:U M^S±b* t X=0. 6-0. 9, Y = 0 
~0. 4, Z=0~0. 3©N i -r i c hCDl^ffiRtf 
S*LV\ ^-CDf^W^fe©i:L-Tli, Nio.8 Co 
0.15Feo.05> Nio.68Coo.2 Feo.l2^*>^= * 

fe, 3ne>j:y j f>^ ; N^A^^<^s^, «t»j*a 

^!Si^5T^^We>nS ; feOi:LT. Nix' Coy ' 
Fez'feidBfrU «-fffl)«it*«X' =0-0. 4, 
Y' =0. 2—0. 9 5, Z' =0—0. 5£>Co-r 
i c hcWKBHIW**. *©f«ftJ!l:t»©fcLTi*. C 
00.9 Feo.i- Coo.7 Nio.i Feo.2^%&. 

[0030] 4^^r 3 <D±izmm 5 *Mm®$&*> 
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[oo3i] mm&mt lti*. w&mwT-<D%. 

(Dimi&^MWDWSMf^ 1 0 0 n mj: U tig < &5 tn 
BUfte 1 0 0 n mMTtt Z>(Dim& U \, 10 

[0032] ifcfc, imimsii^mm^n^m 

RSrJK^-tSifcjJWsS&TfcS. tot, #©?I£&MI8I 

[0 0 3 3] #NSBffiM^£#A^a«£lcii. h>* 
;i^&*&#^-r S il, DWtt'Xfe < H *) 1 0 n mJTOC 

(i. ¥m#m3 tfflsmciB&re, a^o, /ok^tw 20 

[0 0 3 4] JETFlc. AfWSrSeSafiWS:*^*^** 

<|g 1 ©JQ6#I> ^m«Xhf ^ ^ri> (MB E) Srfflvx 
T, GaAsltJ:lCGaAsll^y7r-i5:/hl/t 
jf^ifal At mtfMSMCDA 1 Ga A sI^U Z.(DA 
1 G a A s K<D±{CX ^><S1Sm^§^M©@3$<j 5 0 
nmfflGaAslOTlfe. £e>fC. ZKDGaAsR 
C0±lCi?$^5 nmfflCuIi:M$^5nm©Nio.7 
C00.2 Fe 0 .i2«fiHR&Je«U ££MHtt£IR(HIC 30 

[0 0 3 5] Z.am^Z-^mzmthtz.WM.B 3 0 n 
m©¥*#U— !f-3tS:fla«bfc«Mi"C, Jft2 0Oetf> 

PWDLT^^)?^^TS:<b$:S!l^Lfei:^5, *53 0 

[0036] <»2©iafi«i>±ia*i©ia6W4:B«i 

IC^H^SxtT^^ri/ (MB E) GaAsgffi 
±AZ G a A s V 7 7 -J§ LT^/ft 2 At mOM 
fli(DGaAso.75Po.25R5:^U Z.<Z>G a A s o.75 40 
P0.25lK®±t-^^>flS®i'?«*M<OffS*91 0 0 n 
m(DG a A st&Zffl&L,*!. 3<7)G a Asl© 

_tlCj^<*ifal Onm0CuKi:J?^5nni©Coo.7 

Feo.2 Nio.i mMzimu m&wtmmm^ 

[0 0 3 7] J5fflzmybl>fz®.&8 3 0 n 

m©^#l/-if-ft£fl^Lfc:ifcJgT'. ifa5 0Oetf> 

WADLT^-f«)?K^5T^fb5:S!l^Lfei:35, &J5 0 

%®a»8BJ?i3MW3W9e>nfc. 50 
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[0038] <m3<Dm&m> ±ssmia>mmt.mn 

JC^mSxtT^dr^ (MB E) GaAsM 
±tC G a A s Bl^ V V 7 -JS ^ LT^S ifa 2 a* m£0® 
fflOGa As 0.75 PO. 25^5:^1-/, ZCDGaAso.75 
P0.25BW>±f-^^>«ffi«'7mffl©ffS*5l 0 0 n 
mCGaAsIOTLfe. £e>fC, ICGaAsiffl 
±lCj?$^5nmOAlo.3 Gao.7 AsJfiiitfS 
»5nm0Coo.7 F eo.2 N i o.l WWU 

[0 0 3 9 ] ifflJ^K— 3&faKl^LfeJftR8 3 0 n 
mCD^^b-if-^Sr^Lfc^filT*, ift5 0Oe© 
«»S:H«inLT-?-©a6fb*iailS:S«KS-l*, ®stcm/±& 
PPSDLT^D^JR^tSCfb&ilfilJtLfctZlS. SS7 0 

[0040] <^4 ons60!i> ±§s^ i ommmtmm 

fCfmSx^^t^ri/ (MB E) fc^T, GaAslg 
±tCGa AsS&Ay-77-M : £-ftLTmZ1tf!>l (»m* 
MfflAlGaAsKSMU I©AlGaAsi®± 
lC^e>{SHm^H^ffi©^$*<J 50nni(Z)GaAsi 

mtf>CuRi;/p:£$j5 nmfflN io.7 Coo.2 Feo.12 

«ttRS^K«u 3s«Bii2:fflasi»iWK*n^nm«s:« 
$e>{c, m^mzftmmzfthTAumtm 

[004 1] A u#^fcmSS&«KUTZ:ODI^®?SSf£ 
i&g*8 3 0 nmfflfSftl/- *-:>fc&HB&Lfc*flirr, 

[004 2] 

[0 1 ] *^{C^-5?S^5x^^^)-^M&^ 

[03] ^mm<D^^ Yo^^-m^-^M^ 

1 :S® 

2 : ®/g4^g#BI 
3 

5 :®t4K 
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